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INTO ACCOUNT NATURAL AND TECHNOGENIC 
IMPACTS ON THE ENVIRONMENT

E.A. Kovaleva, Y.M. Ivanyo 

It is proposed to take into account the damage from man-made and natural impacts 
in ecological and mathematical models for optimizing agricultural production by intro-
ducing coefficients of negative impact on the environment in the mathematical model. An 
algorithm for determining the coefficients of negative influence in conditions of incomplete 
information is proposed. These indicators characterize water and wind erosion of soils, 
land pollution and soil degradation as a result of the activities of agricultural producers. 
The formulation and solution of the problem of optimizing the production of agricultural 
products with an assessment of damage to nature in the conditions of economic activity 
and climatic phenomena are given. The developed linear programming model contains in 
the objective function and constraints the coefficients of negative influence in the form of 
interval estimates. An applied extreme problem was solved for two agricultural enterprises 
of Eastern Siberia. Its capabilities are shown for planning the production of agricultural 
products in conditions of minimizing damage to the external environment.
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МОДЕЛИ УПРАВЛЕНИЯ АГРАРНЫМ 
ПРОИЗВОДСТВОМ С УЧЕТОМ ПРИРОДНЫХ 

И ТЕХНОГЕННЫХ ВОЗДЕЙСТВИЙ                                                   
НА ОКРУЖАЮЩУЮ СРЕДУ

Е.А. Ковалева, Я.М. Иваньо 

Исследование предлагает учитывать ущерб от техногенных и природ-
ных воздействий в эколого-математических моделях оптимизации сельско-
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хозяйственного производства путем введения в математическую модель 
коэффициентов негативного воздействия на окружающую среду. Предложен 
алгоритм определения коэффициентов негативного влияния в условиях непол-
ной информации. Эти показатели характеризуют водную и ветровую эро-
зию почв, загрязнение земель и деградацию почв в результате деятельности 
сельскохозяйственных производителей. В работе дана постановка и решение 
задачи оптимизации производства сельскохозяйственной продукции с оценкой 
ущерба природе в условиях хозяйственной деятельности и климатических 
явлений. Разработанная модель линейного программирования содержит в 
целевой функции и ограничениях коэффициенты отрицательного влияния в 
виде интервальных оценок. Прикладная экстремальная задача была решена 
для двух сельскохозяйственных предприятий Восточной Сибири. Кроме того, 
показаны его возможности для планирования производства сельскохозяй-
ственной продукции в условиях минимизации ущерба внешней среде.

Ключевые слова: оптимизация; техногенное загрязнение; эрозия почв; 
богарное земледелие; орошение
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Introduction
Ecological and mathematical modeling makes it possible to determine the 

main factors affecting the received volumes of agricultural products, as well as 
their quality. Extreme meteorological events and technogenic processes have a 
significant impact on the production of agricultural producers. Natural phenom-
ena cause damage to the economy and provoke erosion processes. Emissions of 
pollutants into the atmosphere ultimately pollute soil and water.

In the context of the strong influence of negative phenomena on agriculture, 
it is relevant to use ecological and mathematical models of production planning 
with an objective function in the form of minimizing damage to the environ-
ment or maximizing profits, taking into account the damage caused to nature.

The research aims to describe the developed model of agricultural production 
management with the criterion of profit maximization, considering the damage 
from natural and human-made impacts on the environment in the form of empiri-
cal interval coefficients. To achieve this goal, the following tasks were formulated:

• Building adequate management models of agricultural production with min-
imizing natural and technogenic impacts on the environment with interval 
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parameters in the form of negative impact coefficients associated with water 
and wind erosion and pollution of soil and water with harmful substances;

• Development an algorithm of assessment of coefficients that characterize 
the negative impact of technogenic and natural impacts on the environment;

• Implementation of ecological and mathematical models on a real object.
The scientific novelty of the work lies in the development of an ecological 

and mathematical model for optimizing the production of agricultural products 
on irrigated and non-irrigated lands to minimize environmental damage from 
natural and human-made impacts. The latter are described by empirical interval 
coefficients obtained using the proposed algorithm.

The established model continues the development of the authors on ecolog-
ical and mathematical modeling of various aspects in agricultural production 
[2, 6]. In particular, the work [6] describes the models developed by the authors 
to optimize the production of agricultural products associated with minimizing 
losses inflicted on the environment. At the same time, deterministic, stochas-
tic, and models with interval estimates are considered. When constructing such 
models, it is of great importance to assess the coefficients of negative impact on 
the environment in the production of agricultural products. Therefore, one of the 
options for improving the modeling of production processes is to determine the 
most acceptable algorithm to obtain them. Studies of empirical data show that 
the coefficients of negative impact on the environment are interval estimates in 
general. This thesis was adopted as the basis for the developed ecological and 
mathematical model of agricultural production optimization.

Materials and methods
The theoretical and methodological basis of the research is based on the 

works of Russian and foreign scientists on ecological and mathematical mod-
eling and methods of mathematical programming. Stochastic programming 
methods are described in [17]. The theoretical basis for solving mathematical 
programming problems is the work [12; 13]. The results of mathematical mod-
eling under irrigation conditions are shown in the works [9; 14]. Separately, we 
highlight the models associated with soil erosion [11; 15]. Some authors [18; 
19] propose the use of expert assessments in models for optimizing agricultural 
production. The influence of natural factors in models for optimizing the agri-
cultural and forestry sectors was studied in [3; 20].

When constructing ecological and mathematical models for optimizing ag-
ricultural production, the following groups of parameters were used: production 
and economic, natural and climatic, and indicators of pollution and degradation 
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of agricultural land. Production and economic parameters include: the area of 
agricultural land, crop yields, livestock and animal productivity, production 
costs for items of expenditure, profit per unit of area and head, the volume 
of water for agricultural needs, etc. Natural and climatic parameters include: 
precipitation, wind speed, terrain characteristics, soil quality, etc. Parameters 
of soil pollution and degradation characterize: background and actual content 
of harmful substances in soil and water, maximum permissible concentrations 
of pollutants, areas of eroded land as a result of water and wind erosion, etc.

Methods of probability theory and mathematical statistics, in particular, 
methods of constructing probability distribution laws, correlation and regres-
sion analysis, autocorrelation and autoregression analysis, and statistical testing 
method, are used to evaluate the properties of variability of parameters included 
in ecological and mathematical models for optimizing agricultural production. 
The solution of applied extreme problems is based on methods of mathematical 
programming under uncertainty.

As information, we used long-term data from the accounting reports of the 
agricultural organization, the regional Department for Hydrometeorology, ma-
terials of state reports, maps of the state of the soil cover of agricultural lands in 
the region, data from the territorial body of the Federal state statistics service.

Results and discussion
The authors in Bendik, Ivanyo & Kovaleva [2] present models for optimiz-

ing agricultural production with uncertain parameters, taking into account the 
technogenic and natural impact on land resources, in particular, erosion pro-
cesses and soil contamination with heavy metals.

In continuation of studies of the application of ecological and mathemati-
cal models for the production of agricultural products on rainfed and irrigated 
lands, a linear deterministic model with interval coefficients determining the 
negative impact on the environment is proposed.

An ecological and mathematical model for the production of agricultural 
products, including rainfed and irrigated agriculture, with an assessment of the 
negative impact on the natural environment, is focused on maximizing profits::

max,)1()~1()~1( →−+′′′′−+−= ∑∑∑
∈∈∈ Kk

kkkk
Ii

iiii
Ii

iiii yrcxpclxpclf α             (1)
where ic , ic′ are profits earned from the sale of 1 center of marketable products 
of culture of type i in rainfed and irrigated agriculture; kc  is the profit received 
from selling 1 center of commercial products animals of the species k ; ix , ix′ are 
the land area for rainfed and irrigated areas; ii pp ′,  are productivity in rainfed and 
irrigated agriculture; kr  is the animal productivity k; ii ll ′~,~

 are lower estimates of 
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the coefficients of the impact of negative processes on the soil in rainfed and 
irrigated agriculture for culture i; kα  is coefficient of negative impact on the re-

sources of farm animals k; ii ll ′~,~
 are upper estimates of the coefficients of the 

impact of negative processes on the soil in rainfed and irrigated agriculture for 
culture i; yk is number of different animal species k.

The conditions characterizing the lower volume of commercial crop pro-
duction at the enterprise look like this

,)~1()~1(∑ ∑
∈ ∈

≥′′′−+−
Ii Ii

iiiiiii Sxplxpl                               (2)

where iS  is the minimum volume of crop production.
Restrictions of the minimum volume of production of livestock products 

are as follows
∑
∈

≥−
Kk

kkkk Syr ,)~1( α                                         (3)

where Sk is the minimum volume of livestock production. 
Restrictions of linking crop production and animal husbandry needs are 

written as follows
                                         (4)

where hk is the need of animals of the species for food using culture i. 
Restrictions of the availability of labor resources are as follows

∑ ∑ ∑
∈ ∈ ∈
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kkiiii Bybxbxb ,                                  (5)

where  are the labor costs for processing 1 ha of rainfed and irrigated 
land, respectively, bk – labor costs for caring for animals; B – available labor 
resources.

The conditions of the maximum permissible concentration of certain harm-
ful substances in the soil look like this

,                       (6)

where ijϕ , ijϕ′ are the initial concentration of the harmful substance j on the rain-
fed and irrigated lands, respectively;  are the concentration of the harmful 
substance j that fell on the rainfed lands and irrigated lands;  is the maximum 
permissible concentration of the harmful substance j in the soil.

Restrictions of water intake in the river have the form

∑
∈

′≤
Ii

ii Txq ,' ξ                                              (7)

where qi is the irrigation norm of culture i; T ′ is the vegetation period; ξ  is the 
water discharge of the river.
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Conditions for the maximum permissible concentration of certain harmful 
substances in the river are written as

,                        (8)
where ψj is the initial concentration of hazardous substance j in the river; 

μj is the concentration of harmful substance j per unit volume of return water 
management; λ is the precipitation during the vegetation period; Wj is speci-
fied values of the maximum permissible concentration of harmful substance j 
in the river. 

The restriction of soil losses from water and wind erosion is as follows
,                        (9)

where ηi is maximum annual soil losses (t / ha); R is the eroding capacity of 
rains; Ui is the factor of soil pliability of erosion (t / ha); Di is the factor of 
slope length; Vi is the factor of slope steepness; Ci is the factor of vegetation 
and crop rotation; Pi is the factor of effectiveness of anti-erosion measures; Mi 
is the intensity of soil removal, t / ha in 1 hour, Т is time during which the soil 
is destroyed, h.

The intensity of soil erosion as a result of wind activity is related to the 
speed of the meteorological parameter and soil connectivity Mi = f(νd). In turn, 
the wind speed depends on the shape of the relief and the protection of the ter-
ritory. The design wind speed dv  (m / s) to determine the volume of soil loss 
is calculated according to the well-known formula, often used in land manage-
ment design:

νd = νf KsKp,                                              (10)
where νf is the wind speed of dust storms recorded by weather stations and re-
duced to wind speed in the wind tunnel [4]; Ks is the coefficient of wind speed 
change taking into account the terrain; Kp is the coefficient of protection of the 
territory.

In the given model, losses from technological and natural phenomena are 
included as coefficients of negative influence in the optimality criterion and re-
strictions on the established volumes of agricultural production.

The algorithm for assessing the coefficients of the negative impact of natural 
and technogenic factors on the environment is given. 

It is proposed to calculate the damage from land pollution by multiplying the 
normative value of agricultural land on the area of polluted land and the coef-
ficients characterizing the degree of land pollution, the ecological significance 
of the territory, and the depth of land pollution [7]. The difficulty is finding the 
area of contaminated land, the depth of land contamination and determining the 
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degree of land contamination, since this requires the availability of data on the 
concentration of pollutants in the territories.

The area, depth of land pollution, content and concentration of chemicals 
are determined based on materials for land survey, laboratory analyses in accor-
dance with the relevant regulatory and methodological documents.

In addition to assessing land pollution, in many cases it is necessary to as-
sess soil degradation associated with technological disruption, physical (over-
consolidation, trampling, changing terrain), agricultural depletion (decrease in 
humus reserves, decline or complete loss of fertility); erosion (ravines, ravines, 
desertification); salinization (salinization, salinization; waterlogging).

In work [8] a formula is given to calculate the damage from soil destruction. 
In this analytical expression the economic indicator depends on the following 
parameters: the standard for the value of agricultural land, the annual income 
per unit area, the territory of degraded land, the coefficient of the ecological 
situation, the conversion factor associated with the times of land restoration, a 
conversion factor that takes into account the degree of land degradation.

The method of analyzing the state of soils and water bodies is applicable 
for assessing damage to the enterprise. At the same time, the research costs are 
borne by the company itself. For calculating damages, for example, for an dis-
trict or enterprise that does not have the ability to conduct expensive tests and 
field calculations, this technique is expensive. Therefore, data from statistical 
collections, agrometeorological information, reports from organizations, en-
vironmental assessments, author’s research, and other sources can be used to 
assess damage from pollution and land degradation.

In other words, the negative impact of human activity and hydrometeoro-
logical phenomena on the soil and water environment in agricultural production 
can be estimated using coefficients that take into account: water, wind erosion 
and soil contamination with harmful substances.

Depending on the availability of information on soil contamination and soil 
erosion, several methods for finding the negative impact coefficient are proposed.

The coefficient of negative impact on the soil as a result of extreme process-
es can be determined by the ratio of degraded land to the total area of agricul-
tural land. Instead of area, production volumes are applicable. In this ray, the 
coefficient of negative impact is calculated by dividing the loss of production 
in the degraded area by the volume of the harvest obtained over the entire area. 
Besides, it is possible to involve experts to determine this coefficient.

Cases often arise when there is little reliable information on soil erosion 
and pollution. Then it is suggested. involve data from municipal districts, tak-
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ing into account the amendments characterizing the features of the territory 
under consideration.

Using materials from work [5], 5 groups of districts were identified accord-
ing to the degree of state of degrading soils and the corresponding coefficients 
of negative influence. Of the 5 groups of districts, Osinsky district is the most 
susceptible to erosion, with a degradation coefficient of 0.50-1.00. Alarsky, 
Balagansky Bayandaevsky, Nukutsky, Olkhonsky, Usolsky, Ust-Udinsky and 
Ekhirit-Bulagatsky districts belong to the group with a strong erosion and deg-
radation coefficient equal to 0.25-0.49.

In Denisov, Solodovnikov, Denisov & Letuchij [1], indicators of the resis-
tance of various agrotechnical backgrounds to erosion and deflation according 
to M.I.  Lopyrev and E.I. Ryabov [10]. So, for example, the highest coefficient 
of erosion and deflation hazard, equal to 1, has pure steam. Perennial grasses are 
characterized by maximum soil protection effectiveness, their coefficient is 0.1.

The coefficient of soil degradation obtained from the erosion map is pro-
posed to be corrected by multiplying by the index of resistance of various ag-
ricultural backgrounds to wind and water erosion.

Based on the information on the maximum permissible concentrations of 
pollutants, the background content of harmful substances in the soil in the dis-
tricts of the Irkutsk region [16], as well as the methodology for assessing dam-
age as a result of soil pollution, the region was zoned according to the levels 
of soil pollution. The analysis of these data shows that there are no municipal 
districts in the region with an average, strong and very strong level of soil con-
tamination with harmful substances. Slightly polluted territories include the 
Angarsk, Bratsk, Irkutsk, Kirensk, Nizhneudinsk, Usolsk, Cheremkhovsk and 
Shelekhovsk municipal districs. 

The total coefficient of negative impact can be calculated by adding up the 
coefficients characterizing soil degradation and pollution by harmful substanc-
es.

In case of unknown coefficient of degradation or pollution for the farm, it 
is possible to use the coefficient obtained for the district. In this case, it is nec-
essary to evaluate the representativeness of farm information in relation to the 
district data.

We give examples of the implementation of the ecological-mathematical 
model (1) - (10) on real objects.

The problem of optimizing the production of agricultural products was 
solved by the example of two enterprises: CJSC Irkutsk Semena and ACJSC 
Primorskij.
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For the ACJSC Primorskij model is implemented to combine rainfed agri-
culture and irrigation As for the economy of CJSC Irkutsk Semena, the problem 
of optimizing agricultural products in the absence of irrigation was solved for it. 

The areas of nine agricultural crops are used as unknowns in the ecological 
and mathematical problem of optimizing the production of agricultural products 
in rainfed agriculture at ACJSC Primorskij. These include cereals (x1), rape-
seed (x2), annual grasses for hay (x3) and green fodder (x4), perennial grasses 
for hay (x5), green fodder (x6) and seeds (x7), silage crops (x8) and fodder corn 
(x9). When optimizing the placement of crops for rainfed and irrigated agricul-
ture, the model is supplemented with the parameter of irrigated corn yield (x15). 
In addition, five variables of the livestock industry are used in the models: the 
number of cows of the main herd (x10), the number of cows on fattening (x11), 
the number of horses of the main herd (x12), the number of horses on fattening 
(x13), and the number of bee colonies (x14).

When solving the problem for CJSC Irkutsk Semena, the areas of five types 
of crops were determined: industrial grain, fodder, rapeseed, potatoes, and pe-
rennial grasses for hay. In addition, two livestock variables were calculated: the 
number of pigs in the main herd and fattening.

For ACJSC Primorskij, negative impact coefficients were estimated, which 
characterize the ratio of contaminated and eroded lands to the area of agricul-
tural land. They range for different crops from 0.03 to 0.404. For the farm of 
the Irkutsk district, the coefficients of negative influence vary for different crops 
from 0.127 to 0.448. 

Modeling allowed obtaining optimal solutions and corresponding negative 
impact coefficients. At the enterprise of the Nukutsky district (Primorskij) in 
crop production, the area varies from 0 to 11110 hectares, and the number of 
animals ranged from 91 to 4898 heads. At CJSC Irkutsk Semena, the sown 
area varied from 50 to 2335 ha, and the number of pigs remained at the level 
of 635 heads.

The results of obtaining optimal values of the objective function for enter-
prises of the Irkutsk region are shown in table 1.

Modeling for two farms according to (1) - (9) allowed determining the worst, 
median, and best options for optimizing crop areas and livestock. CJSC Irkutsk 
Semena, the discrepancy between the maximum and minimum values of the 
objective function relative to the median was 16.2%. In the more successful 
ACJSC Primorskij, this value reached 4.17% for rainfed farming and 1.14% for 
a combination of two types of farming. At the same time, the damages for the 
two farms in relative terms turned out to be close - at the level of 35.5%–36.4%.
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 According to the second version of the model (1) - (9), where, in addition 
to the interval coefficients of the negative impact, the interval estimates of the 
coefficients for unknown left parts of the constraints were taken into account, 
Table 2 shows the minimum, median, and maximum values of the objective 
function. It is clear that in this case, the discrepancy between the optimality 
criteria will be higher than for the previous version of the model. For rainfed 
agriculture, they amounted to 42.2%; for a combination of irrigated and rainfed 
agriculture – 40.3%. As for environmental damage, they are 98.6% and 89.2%.

Table 1.
Optimal values of the objective function for enterprises                                                          

in the Irkutsk region (thousand rubles)
Model with deterministic 

production parameters and 
interval coefficients of 

negative influence

CJSC 
Irkutsk 
semena

ACJSC 
Primorskij, dry 

farming

ACJSC Primorskij, 
rainfed and irrigated 

agriculture

Minimum 
value

(f) 4,791.3 21,173.3 21,899.3
damages 2,732.6 3,739.1 3,902.1

Median 
value

(f) 5,200.8 21,837.4 22,003.9
damages 2,323.2 3,699.9 3,784.1

Maximum 
value

(f) 5,633.8 22,083.4 22,149.5
damages 1,890.2 2,425.3 2,525.3

Modeling of agricultural production showed that the minimum and maxi-
mum values of land profits with a combination of irrigated and rain-fed agri-
culture are 1.0-3.2% higher than production without irrigation. The deviations 
of losses were 4.8-14.0%. Agricultural production with irrigation is more stable 
compared to rainfed agriculture.

Table 2.
Optimal values of the objective function for ACJSC Primorskij                                                       

of the Irkutsk region (thousand rubles)
Model with interval production parameters 

and negative impact coefficients
Dry 

farming
Rainfed and irrigated 

agriculture

Minimum value
(f) 18,218.4 19,246.8

damages 2,003.4 2,431.0

Median value
(f) 23,542.1 24,900.8

damages 3,374.9 3,680.7

Maximum value
(f) 28,142.5 29,293.1

damages 5,330.4 5,713.1
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Comparison of the simulation results for a model with interval coefficients 
of negative impact on the environment and interval coefficients with unknown 
constraints in the left parts and a model with interval coefficients describing 
production indicators [6] shows the possibility of increasing the options for 
solving the problem in the first case. In the second case, the mathematical model 
describes a simplified version of the real situation. The optimal plans obtained 
for the first model differ from the second one in 6 variables when considering 
rainfed agriculture, and in 11 variables for a combination of rainfed and irrigated 
agriculture. At the same time, discrepancies can be more than 3,000 hectares, 
as in the case with the production of cereals.

Conclusion. The article presents an ecological-mathematical model with 
interval coefficients of the negative impact of different processes on the soil, 
which allows to optimize the production of agricultural products in conditions 
of pollution and soil erosion.

An algorithm for determining the coefficients of negative impact on land 
is described, which takes into account water and wind erosion of soils and its 
pollution.

Ecological and mathematical models for optimizing the production of agricul-
tural products were implemented in the enterprises of the Nukutsky district (AC-
JSC Primorskij) and the Irkutsk region (CJSC Irkutsk Semena) in two versions. 
In the first version, the model includes deterministic production indicators and 
interval coefficients that reflect the negative impact of natural and human-made 
impacts on the environment. In the second version, the model contains interval 
coefficients of a negative impact and interval estimates of production indicators.

According to the results obtained, agricultural producers can increase prof-
its and minimize damage to the environment using rainfed and irrigated ag-
riculture due to the correct planning of their activities in conditions of partial 
degradation and soil pollution.

References
1. Denisov E.P., Solodovnikov A.P., Denisov K.E., Letuchiy A.V. Agrolandshaftnoye 

zemledeliye: metod. ukazaniya po vypolneniyu laboratornykh rabot po naprav-
leniyu podgotovki 21.03.02 Zemleustroystvo i kadastry [Agrolandscape farming: 
Method. instructions for laboratory work for the direction of preparation 03.21.02 
Land management and cadastres]. Saratov: Saratov State Agrarian University, 
2016, 145 p. https://www.sgau.ru/files/pages/21034/14685892177.pdf

2. Bendik N.V., Ivanyo Ya.M., Kovaleva E.A. Ekologo-matematicheskiye mod-
eli avtomatizirovannogo proizvodstva sel’skokhozyaystvennoy produktsii [The 



35Siberian Journal of Life Sciences and Agriculture, Том 14, №3, 2022

ecology-mathematical models of optimization of the production of agrarian 
products]. Vestnik Irkutskogo gosudarstvennogo tekhnicheskogo universiteta 
[Bulletin of Irkutsk state technical university], 2016, no. 4, pp. 66-74. https://
doi.org/10.21285/1814-3520-2016-4-66-74

3. Boltvina E.K, Ivanyo Ya.M. Modeli identichnykh produktov dikorastushchey 
produktsii s interval’nymi parametrami [Optimization models for harvesting 
wild products with interval parameters]. Vestnik Irkutskogo gosudarstvenno-
go tekhnicheskogo universiteta [Bulletin of Irkutsk state technical university], 
2016, vol. 6, no. 113, pp. 73-81. https://doi.org/10.21285/1814-3520-2016-4-
66-74

4. Volkov V.N. Zemleustroystvo. Vnutrikhozyaystvennoye zemleustroystvo, T. 2 
[Land management. Vol. 2. Land management design. On-farm land manage-
ment, vol. 2]. Moscow: Kolos, 2001, 496 p.

5. Vorob’yov V.V. Eroziya pochv (Atlas), 2004g [Environmental conditions of de-
velopment. Atlas, 2004]. URL: http://irkipedia.ru/content/eroziya_pochv_atlas

6. Ivan’o YA.M., Kovaleva E.A., Petrova S.A. Algoritm realizacii ekologo-matem-
aticheskih zadach optimizacii proizvodstva sel’skohozyajstvennoj produkcii 
v usloviyah neopredelennosti [Algorithm of realization of ecological-math-
ematical problems]. Vestnik VGU. Seriya: Sistemnyj analiz i informacionnye 
tekhnologii [Bulletin of the VSU. Series: System Analysis and Information 
Technology], 2020, no. 2, pp. 79-91. https:// doi.org/10.17308/sait.2020.2/2918.

7. Committee of the Russian Federation on Land resources and Land management. 
O poryadke ischisleniya summ ot vydeleniya zemel’ khimicheskimi soyedineni-
yami, No. 04-25 & 61-5678, 27 Dekabrya 1993 [On the procedure for determin-
ing the extent of damage from chemical pollution of land, No. 04-25 & 61-5678, 
27 December 1993]. URL: https://docs.cntd.ru/document/9033369

8. Committee of the Russian Federation on Land resources and Land management. 
O metodike prinyatiya resheniy po degradatsii pochv i zemel’, No. 3-14-2/1139, 
29 Iyulya 1994 [On the methodology for determining the extent of damage from 
soil and land degradation, No. 3-14-2/1139, 29 July 1994]. URL: https://docs.
cntd.ru/document/9014048

9. Kuznetsov M.Ya. Razrabotka i ispol’zovaniye matematicheskikh modeley dlya 
issledovaniy vodnogo obmena na melioriruyemykh zemlyakh [Development and 
use of mathematical models for the study of water exchange on reclaimed lands]: 
Author. dis cand. tech. sciences. Minsk, 1990. 17 p.

10. Lopyrev M.I., Ryabov, E.I. Zashchita zemel’ ot erozii i okhrana prirody [Protec-
tion of lands from erosion and nature conservation]. Moscow: Agropromizdat, 
1989. 239 p.



36 Siberian Journal of Life Sciences and Agriculture, Vol. 14, №3, 2022

11. Malkina-Pykh I.G. Modelirovaniye erozionnykh poter’ gumusa na osnove prime-
neniya funktsii otklika [Modeling of erosion losses of humus based on the method 
of response functions]. Pochvovedenie [Soil science], 1996, no. 10, pp. 1271-1276.

12. Medvedev S.N., Medvedeva O.A. O Reshenii interval’noy zadachi lineynoy tsel-
ochislennoy vychislennoy [On the solution of the interval problem of linear integer 
optimization]. Vestnik Voronezhskogo gosudarstvennogo universiteta, seriya: Sistem-
nyy analiz i informatsionnyye tekhnologii [Bulletin of the Voronezh State University. 
Ser. System analysis and information technology], 2016, no. 4, pp. 37-42. 

13. Novikov A.I. Planirovaniye, modelirovaniye i optimizatsiya protsessov diag-
nostiki sostoyaniya pochv i rasteniy na osnove yestestvennykh sistem [Planning, 
modeling and optimization of processes for diagnosing the state of soils and 
plants based on automated systems]: Abstract. dis. PhD. phys.-math. sciences. 
Saint Petersburg, 1994. 36 p.

14. Polevoy A.N., Khokhlenko T.N. Modelirovaniye vyrashchivaniya sel’skok-
hozyaystvennykh kul’tur v usloviyakh orosheniya chernozemov Pridunayskoy 
provintsii [Modeling crop formation under irrigation of chernozems of the Pry-
dunay’s province]. Pochvovedenie [Soil science], 1995, no. 12, pp. 1518-1524. 
https://www.twirpx.club/file/2069950/

15. Sukhanovsky Yu.P. Model’ dozhdevoy erozii pochv [Model of soil rain erosion]. 
Pochvovedenie [Soil science], 2010, no. 9, pp. 1114-1125. 

16. Troyazykov D.D. Metodicheskiye rekomendatsii po raschetu masshtabov po-
razheniya, prichinennogo zemley (plodorodnomu sloyu mestnosti) narusheniya 
zakonodatel’stva v oblasti okhrany okruzhayushchey sredy i prirodopol’zovani-
ya na territorii Irkutskoy oblasti, 2002 g [Guidelines for calculating the amount 
of damage caused to lands (fertile soil layer) by violation of legislation in the 
field of environmental protection and nature management in the territory of the 
Irkutsk region, 2002]. URL: http://www.cawater-info.net/bk/improvement-irri-
gated-agriculture/files/irkutskland.pdf

17. Yudin D.B. Zadachi I metody stokhaticheskogo programmirovaniya [Tasks and 
methods of stochastic programming]. Moscow: Soviet Radio, 1979, 392 p.

18. Ivanyo Ya., Asalkhanov P., Bendik N. Management of the agro-industrial enter-
prise: Optimization uncertainty expert assessments. Abstracts of international 
multi-conference on industrial engineering and modern technologies, FarEast-
Con. V., 2019, pp. 1-6. https://doi.org/10.1109/FarEastCon.2019.8934788

19. Ivanyo Ya., Petrova S. Optimization models of the procurement of food 
wild-growing products with expert assessments. Advances in intelligent sys-
tems research, 2019, no. 169, pp. 108-113. https://dx.doi.org/10.2991/iwci-
19.2019.19



37Siberian Journal of Life Sciences and Agriculture, Том 14, №3, 2022

20. Ivanyo Ya., Petrova S., Polkovskaya M., Fedurina N. Modeling of the produc-
tion of agrarian products under the conditions of influence of droughts, rainfall 
and their combinations. Advances in intelligent systems research, 2018, no. 158, 
pp. 78-84. https://doi.org/10.2991/iwci-18.2018.14

Список литературы
1. Агроландшафтное земледелие: метод. указания по выполнению лабо-

раторных работ для направления подготовки 21.03.02 Землеустройство 
и кадастры / Денисов Е.П., Солодовников А.П., Денисов К.Е., Лету-
чий А.В. С.: Саратовский ГАУ, 2016. 145 с. https://www.sgau.ru/files/
pages/21034/14685892177.pdf

2. Бендик Н.В., Иваньо Я.М., Ковалева Е.А. Эколого-математические модели 
оптимизации производства сельскохозяйственной продукции // Вестник 
Иркутского государственного технического университета. 2016. №4. С. 66-
74. https://doi.org/10.21285/1814-3520-2016-4-66-74

3. Болтвина Е.К., Иваньо Я. М. Модели оптимизации заготовки дикорастущей 
продукции с интервальными параметрами // Вестник Иркутского государ-
ственного технического университета. 2016. Т. 6. № 113. С. 73-81. https://
doi.org/10.21285/1814-3520-2016-4-66-74

4. Волков С.Н. Землеустройство. Внутрихозяйственное землеустройство. Т. 
2. М.: Колос, 2001. 496 с.

5. Воробьев В.В. Эрозия почв (Атлас), 2004г. URL: http://irkipedia.ru/content/
eroziya_pochv_atlas

6. Иваньо Я.М., Ковалева Е.А., Петрова С.А. Алгоритм реализации эколо-
го-математических задач оптимизации производства сельскохозяйствен-
ной продукции в условиях неопределенности // Вестник ВГУ. Серия: 
Системный анализ и информационные технологии. 2020. Вып. 2. С. 79-
91. https:// doi.org/10.17308/sait.2020.2/2918.

7. Комитет Российской Федерации по земельным ресурсам и землеустрой-
ству. О порядке определения размеров ущерба от загрязнения земель хи-
мическими веществами № 04-25 & 61-5678, 27 Декабря 1993. URL: https://
docs.cntd.ru/document/9033369

8. Комитет Российской Федерации по земельным ресурсам и землеустройству. 
О методике определения размеров ущерба от деградации почв и земель, № 
3-14-2/1139, 29 Июля 1994. URL: https://docs.cntd.ru/document/9014048

9. Кузнецов, М.Я. Разработка и использование математических моделей для 
исследования водного обмена на мелиорируемых землях: автореферат дис. 
канд. техн. наук. Минск, 1990. 17 с.



38 Siberian Journal of Life Sciences and Agriculture, Vol. 14, №3, 2022

10. Лопырев М.И., Рябов Е.И. Защита земель от эрозии и охрана природы. М.: 
Агропромиздат, 1989. 239 с.

11. Малкина-Пых И.Г. Моделирование эрозионных потерь гумуса на основе 
метода функций отклика // Почвоведение. 1996. № 10. С. 1271-1276.

12. Медведев С.Н., Медведева О.А. О Решении интервальной задачи линейной 
целочисленной оптимизации // Вестник Воронежского государственного 
университета. серия: системный анализ и информационные технологии. 
2016. № 4. С. 37-42. 

13. Новиков А.И. Планирование, моделирование и оптимизация процессов 
диагностики состояния почв и растений на основе автоматизированных 
систем: автореферат дис. д-ра физ-мат. наук. Санкт-Петербург, 1994.  
36 с.

14. Полевой А.Н., Хохленко Т.Н. - Моделирование формирования урожая сель-
скохозяйственных культур в условиях орошения черноземов Придунай-
ской провинции // Почвоведение. 1995. № 12. С. 1518-1524. https://www.
twirpx.club/file/2069950/

15. Сухановский Ю.П. Модель дождевой эрозии почв // Почвоведение. 2010. 
№ 9. С. 1114-1125. 

16. Троязыков Д.Д. Методические указания по расчету размера ущерба, при-
чиненного землям (плодородному слою почвы) нарушением законода-
тельства в области охраны окружающей среды и природопользования на 
территории Иркутской области, 2002г. URL: http://www.cawater-info.net/bk/
improvement-irrigated-agriculture/files/irkutskland.pdf

17. Юдин Д.Б. Задачи и методы стохастического программирования. М.: Сов. 
радио, 1979. 392 с.

18. Ivanyo Ya., Asalkhanov P., Bendik N. Management of the agro-industri-
al enterprise: Optimization uncertainty expert assessments // Abstracts of 
international multi-conference on industrial engineering and modern tech-
nologies, FarEastCon. V., 2019. pp. 1-6. https://doi.org/10.1109/FarEast-
Con.2019.8934788

19. Ivanyo Ya., Petrova S. Optimization models of the procurement of food 
wild-growing products with expert assessments // Advances in intelligent sys-
tems research, 2019, no. 169, pp. 108-113. https://dx.doi.org/10.2991/iwci-
19.2019.19

20. Ivanyo Ya., Petrova S., Polkovskaya M., Fedurina N. Modeling of the produc-
tion of agrarian products under the conditions of influence of droughts, rainfall 
and their combinations // Advances in intelligent systems research, 2018, no. 
158, pp. 78-84. https://doi.org/10.2991/iwci-18.2018.14



39Siberian Journal of Life Sciences and Agriculture, Том 14, №3, 2022

DATA ABOUT THE AUTHORS
Eugenia A. Kovaleva
 Irkutsk State Agrarian University of A.A. Ezhevsky
 12, Molodezhnyy vill., Irkutsk region, Irkutsk district, 664038, Russian 

Federation
 zhenia-93com@ya.ru
 ORCID: https://orcid.org/0000-0003-3030-3558

Yaroslav M. Ivanyo
 Irkutsk State Agrarian University of A.A. Ezhevsky
 12, Molodezhnyy vill., Irkutsk region, Irkutsk district, 664038, Russian 

Federation
 iymex@rambler.ru
 ORCID: https://orcid.org/0000-0003-4118-7185

ДАННЫЕ ОБ АВТОРАХ
Ковалева Евгения А.
 Иркутский Государственный Аграрный Университет Имени А.А.Е-

жевского
 пос. Молодежный, 12, Иркутская обл., Иркутский р-он, 664038, 

Российская Федерация
 zhenia-93com@ya.ru

Иваньо Ярослав М.
 Иркутский Государственный Аграрный Университет Имени А.А.Е-

жевского
 пос. Молодежный, 12, Иркутская обл., Иркутский р-он, 664038, 

Российская Федерация
 iymex@rambler.ru

Поступила 18.02.2022 Received 18.02.2022
После рецензирования 27.02.2022 Revised 27.02.2022
Принята 17.03.2022 Accepted 17.03.2022


